Objective: Current data on hospitalization and prognosis of acute asthma and status asthmaticus are inconclusive. We aim to analyze the rate of first-time hospitalizations for status asthmaticus among patients of all ages, the proportion admitted to intensive care units (ICU), and the 30-day mortality over a 16-year period. Methods: In this population-based cohort study, we used medical registries to identify all first-time status asthmaticus hospitalizations in Denmark from 1996 through 2011. Data on comorbidities were also obtained. We computed yearly hospitalization rates overall and by gender and age groups, and estimated the proportion requiring ICU admission. We estimated 30-day age-and gender-standardized mortality. We examined potential misclassification from acute exacerbation of chronic obstructive pulmonary disease (COPD) by excluding patients with preexisting or concurrent COPD. Results: Of the 5,001 patients identified with a first-time status asthmaticus hospitalization, 50.5% were male, 40.3% were ,15 years old, and 12.4% had comorbidity. The hospitalization rate increased from 48.0 per 1,000,000 person-years (PY) (95% confidence interval [CI]: 45
Introduction
Status asthmaticus is a life-threatening medical emergency, defined as an acute exacerbation of asthma that is refractory to initial standard treatment. [1] [2] [3] [4] Status asthmaticus involves a risk of respiratory failure, and intensive care may be needed. 5 The prevalence of asthma has increased for decades, although some data now indicate a stable prevalence within the last decade. [6] [7] [8] [9] [10] [11] The World Health Organization reported in 2007 that 300 million people worldwide had asthma, and reported asthma as the most common chronic disease among children. 12, 13 This article was published in the following Dove Press journal: Clinical Epidemiology 4 September 2013 Number of times this article has been viewed submit your manuscript | www.dovepress.com
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Current data about hospitalization rates and prognosis of acute asthma and status asthmaticus are inconclusive. 1, 3, 5, [7] [8] [9] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] We identified 19 studies on status asthmaticus hospitalizations and prognosis using the definition of status asthmaticus provided above. 1, 3, 5, [7] [8] [9] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] These studies were restricted to either adult or pediatric study populations 1, [7] [8] [9] [14] [15] [16] [17] [18] [19] [20] [22] [23] [24] [25] [26] or were limited to a few hospitals or intensive care units (ICUs), 7, 8, 14, 15, 18, 21, 23, 25, 26 reducing generalizability. Furthermore, 14 studies included readmissions, 1, 7, 8, [14] [15] [16] [18] [19] [20] [21] [23] [24] [25] [26] which may affect estimates of hospitalization rates and prognosis due to the increased risk of further admissions and worsened prognosis. 7 A large population-based longitudinal study of patients of all ages is needed to provide more accurate estimates of hospitalization rate and prognosis of first-time status asthmaticus episodes.
We conducted a registry-based longitudinal cohort study, encompassing all first-time pediatric and adult hospitalizations for status asthmaticus registered in Denmark during the past 16 years, to analyze changes in hospitalization rates and 30-day mortality, and to assess the proportion of status asthmaticus patients admitted to an ICU.
Methods and materials study design and setting
We conducted this cohort study using population-based medical registries in Denmark.
The Danish population (approximately 5.5 million persons 27 ) has unfettered access to outpatient and inpatient medical care through the tax-funded national health care system. We linked population databases at the individual level using the unique Danish 10-digit identification number (CPR) assigned to all Danish residents by the Danish Civil Registration System since January 1, 1968. 28 
Patients with status asthmaticus
We identified all Danish residents hospitalized with a firsttime primary or secondary diagnosis of status asthmaticus from January 1, 1996 to December 31, 2011, by searching the Danish National Patient Registry (NPR). 29 The study period was based on the availability of relevant registries and allows an implementation period of the International Classification of Diseases, 10th revision (ICD-10) introduced in Denmark in 1994. We eliminated recurrent status asthmaticus by omitting subjects with a diagnosis of status asthmaticus from 1980 through 1995.
The NPR, established in 1977, contains virtually complete information on patient contacts with Danish nonpsychiatric hospitals. Since 1995, the NPR also has included data on outpatient clinic and emergency department visits. 29, 30 Data on ICU admissions have been routinely recorded since 2005, 31 enabling us to assess the proportion of patients admitted to an ICU during the last 7 years of the study period.
Records in the NPR contain hospital and department codes, admission and discharge dates, diagnoses (one primary diagnosis and up to 19 secondary diagnoses) assigned by the discharging physicians, major medical treatments, and surgical procedures. Diagnoses have been coded according to the Danish version of the International Classification of Diseases, 8th revision (ICD-8) from 1977 to 1993 and according to the ICD-10 since 1994. The International Classification of Diseases, 9th revision (ICD-9) has never been used in Denmark. We used the ICD-8 code and the ICD-10 code for status asthmaticus (Appendix 1) to identify all patients with a primary or secondary inpatient diagnosis of status asthmaticus.
Demographics and mortality
We obtained data from the Danish Civil Registration System on gender, age, and date of death in deceased patients. The Civil Registration System is electronically updated daily and contains complete information for all Danish residents on gender, residence, vital status, and dates of birth, death, and emigration.
Comorbidity
We obtained information from the NPR on diagnoses of comorbid conditions included in the Charlson Comorbidity Index (CCI). 32 We included all inpatient and outpatient clinic diagnoses recorded within 5 years before the current status asthmaticus hospitalization. The CCI, a widely used comorbidity scoring system adapted for hospital discharge data, includes 19 conditions (Appendix 1). 33 Each condition is assigned a weight between one and six, reflecting prognostic impact, and the CCI score is computed as the sum of the weights. We defined three levels of comorbidity severity based on the CCI scores: 0 (low comorbidity level), 1-2 (medium comorbidity level), and $3 (high comorbidity level). We excluded chronic pulmonary diseases from the CCI, but included chronic obstructive pulmonary disease (COPD) (Appendix 1) as a separate comorbidity, because an acute exacerbation of COPD can be clinically difficult to distinguish from status asthmaticus and can therefore cause possible misclassification. 34 Validation of the status asthmaticus diagnosis in the nPr 
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hospitalization rate and mortality of status asthmaticus in Denmark January 1, 1994 to December 31, 2009 , from a subset of our North Jutland cohort and retrieved their hospital discharge summaries. Based on the current definition of status asthmaticus [1] [2] [3] [4] and the level of details available in the discharge summaries, the diagnosis was confirmed when $2 of the following criteria were fulfilled: (1) presence of asthma symptoms (ie, dyspnea, wheezing, cough, chest tightness, and/or decreased peak flow); (2) the condition was refractory to standard initial treatment (inhalation of bronchodilators and/or steroids) and hospitalization was required; and (3) the condition was a medical emergency. A researcher with a Bachelor of Medical Science degree (JMCS) reviewed all the discharge records, and a physician (HG) re-reviewed the discharge records in cases of uncertainty. If disagreement occurred, a second physician (CFC) assessed the discharge record in question, and the majority determined the outcome. We calculated the positive predictive value of the NPR status asthmaticus diagnosis as the percentage of our random sample with an NPR status asthmaticus diagnosis that was confirmed by review of the discharge record, 35 according to the algorithm presented above. The exact 95% confidence interval (CI) for the positive predictive value was computed.
statistical analysis
We computed frequencies of first-time status asthmaticus hospitalizations, overall and within categories of gender, age group, and comorbidity level. We divided status asthmaticus patients into five age groups: 0-1 years, 2-14 years, 15-39 years, 40-59 years, and $60 years. We analyzed data for children aged 0-1 year separately because of the uncertainty of diagnosing respiratory conditions in young children. 36 We also reported interquartile range (IQR) and median age. We presented results both for the study period as a whole and for four-year calendar periods (1996-1999, 2000-2003, 2004-2007, and 2008-2011) . We chose four-year intervals to allow sufficient statistical precision, while keeping enough intervals to allow comparison over time during the 16-year study period. For the period January 1, 2005 to December 31, 2011, we also examined the proportion of first-time status asthmaticus patients who were admitted to an ICU.
We estimated annual rates of first-time status asthmaticus hospitalizations with 95% CIs for all patients and by gender and age group, and illustrated annual hospitalization rates. The rates were calculated by dividing the number of firsttime status asthmaticus hospitalizations by total time at risk of disease among all Danish residents, assuming that each person alive on January 1 of the year of interest contributed one person-year (PY; the denominator). 27 For gender and age groups, we used the corresponding subgroup of the population as the denominator. The resulting hospitalization rates are reported per 1,000,000 PY for all years together and for four-year calendar periods during the study period, respectively.
Patients were followed from admission until death, emigration, or for up to 30 days, whichever came first. We computed 30-day mortality overall and for each four-year calendar period. We used direct standardization to compute 30-day mortality risk, 37 including 95% CIs, standardized to the gender and age group distribution in the study population of the 2008-2011 period.
We conducted two sensitivity analyses. First, to assess potential misclassification of an acute exacerbation of COPD as status asthmaticus, we identified and excluded all status asthmaticus patients with a previous or concurrent COPD diagnosis recorded in the NPR, repeated all analyses, and assessed potential changes in the results. Second, to improve the specificity of the status asthmaticus diagnosis, we examined the number of hospitalizations among patients with status asthmaticus as their primary diagnosis, excluding patients with status asthmaticus only as their secondary diagnosis.
All statistical analyses were performed using Stata Release 11 (StataCorp, LP, College Station, TX, USA).
Results
Characteristics of study subjects
We identified 5,001 patients hospitalized with a first-time status asthmaticus diagnosis in Denmark from 1996 through 2011 (Table 1) . Of these, 50.5% were male, 40.3% were younger than 15 years, and 87.6%, 10.1%, and 2.3% had a low, medium, and high comorbidity level, respectively (Table 1) .
hospitalizations
The annual hospitalization rates for all patients are illustrated in Figure 1 and Figure 2 Figure 2 . A steady increase in the hospitalization rate of 2-14 year olds was observed: from 44.9 per 1,000,000 PY (95% CI: 37.9-52.9 per 1,000,000 PY) in 1996-1999 to 157. In all four-year calendar periods, the majority of status asthmaticus patients had no comorbid conditions according to CCI (Table 1 
Mortality
In total, 162 (3.2%) of the 5,001 patients died within 30 days after their first-time hospitalization for status asthmaticus ( Table 2 ). The standardized 30-day mortality risk declined during the 16-year period from 3.3% (95% CI: 2.5%-4.1%) in 1996-1999 to 1.5% (95% CI: 0.9%-2.1%) in 2008-2011. After excluding 939 (18.8%) COPD patients, we observed a lower rate of first-time status asthmaticus hospitalizations and a lower 30-day mortality, but similar temporal trends (Appendices 2-5).
The second sensitivity analysis, excluding 860 (17.1%) patients registered with a secondary diagnosis of status asthmaticus only, showed virtually no changes in hospitalization trends or age distribution (Appendix 6).
Validation of the status asthmaticus registry diagnosis
The status asthmaticus diagnosis was confirmed in 42 out of a sample of 48 hospitalizations with a diagnosis of status asthmaticus, corresponding to a positive predictive value of 87.5% (95% CI: 74.7%-95.3%). A second reviewer reviewed 20 discharge summaries; of these, twelve were re-reviewed by a third reviewer because of disagreement between the first two reviewers.
Discussion
To the best of our knowledge, this is the first populationbased study of first-time hospitalization for status asthmaticus among patients of all ages. We found that the status asthmaticus hospitalization rate increased over a 16-year period, which may be explained by the increase in hospitalization rates among children. During the same period, the associated 30-day mortality decreased. Ten percent of hospitalized status asthmaticus patients were admitted to an ICU.
limitations and strengths
Our study relies on the quality of status asthmaticus diagnoses registered in the NPR. Although the NPR includes data on 99.4% of hospitalizations, 30 incomplete registrations of status asthmaticus in this registry would have led to underestimation of the hospitalization rates. Follow-up for death was virtually complete.
Changes in registration practices may have influenced our findings. However, this was minimized through use of the same ICD revision for diagnostic coding throughout the study period.
The process of clinical diagnosis of acute exacerbations in asthma can be difficult and can result in misclassification. Although a definition of status asthmaticus is available, [1] [2] [3] [4] there are several different terms, including acute asthma, severe asthma, and hospital admission due to asthma. 2, 5, 17, [19] [20] [21] [22] 24, 25, 38 Furthermore, status asthmaticus is the only sub-code among the asthma diagnoses in the ICD-10 that denotes an acute asthmatic condition. Clinicians could therefore be prone to diagnose and report less serious asthmatic attacks as status asthmaticus. However, we found a reasonable high positive predictive value for the status asthmaticus diagnosis in the NPR, and observed no major changes in our results when we excluded patients recorded as having COPD or had received status asthmaticus as a secondary diagnosis.
Comparison with other studies
In contrast to our findings, Hartman et al observed a halving in the rate of hospital admissions for status asthmaticus from 1.98 per 1,000 children in 1992 to 0.93 per 1,000 children in 2006 in their study of 28,309 hospitalized children in the US state of New Jersey. 16 The higher estimates compared with our findings may be explained by their inclusion of readmissions. 16 Rodrigo et al included 3,038 patients hospitalized for acute severe asthma at 19 tertiary-care hospitals in Spain and Latin America in 1994, 1999, and 2004, and found that 6.8% were admitted to an ICU. 17 The smaller proportion of patients admitted to the ICU compared with our findings may be explained by their restriction to patients aged 15-69 years. 17 The 30-day mortality observed in the present study was in the lower range compared with other studies showing status asthmaticus mortality ranging from 0.4% to 12% (and even higher among patients receiving mechanical ventilation). 1, 5, 7, 14, 15, [18] [19] [20] 22, 23, 25 However, comparisons among studies are complicated by the restriction to ICU patients or different age groups in some studies. 7, 8, 14, 15, [18] [19] [20] [21] [22] [23] 25, 26 Our observation of decreased 30-day mortality over time is consistent with several studies finding a decreasing mortality due to asthma during the past decades. reported a 30-day case-fatality following asthma or status asthmaticus admission (0.9%) in Scotland, which has been decreasing since the mid-1990s.
Our 30-day mortality finding could possibly be explained by the restriction to first-time status asthmaticus hospitalizations, since the risk of further admissions and poor prognosis is increased by readmission, 7 and by the encompassing of all patients hospitalized with status asthmaticus, and not only patients admitted to an ICU or both patients hospitalized with asthma and status asthmaticus. 1, 7, 8, 14, 15, 18, 19, 21, 23, 26 Clinical 
Potential mechanisms
Several mechanisms may explain our f indings. The increased hospitalization rate of status asthmaticus may be due to the increased prevalence of asthma during recent decades in line with international reports. 6, 7, 10, 12, 13 In addition, fluctuations in hospitalization rates for status asthmaticus could be related to fluctuations in other airway diseases, eg, asthmatic bronchitis, pneumonia, pseudo croup, and viral infections, provoking respiratory symptoms resembling asthma or exacerbation of asthma. 39 This applies especially to children and challenges the following control of asthma to avoid readmission and the risk of worsened prognosis. 7 The increased hospitalization rate of younger patients could explain the decreasing mortality over time, because younger patients have fewer comorbid conditions and in general a greater chance of surviving an emergency than older patients. The centralization of pediatric ICUs in Denmark and improved disease management, guidelines, and medical protocols during recent years could also explain the decreasing mortality over time, 40 because increased expertise and judicious judgments are advantageous when treating serious conditions as status asthmaticus. 38, 39, 41 Finally, changes in registration practices, over time, geographically, and/or related to pediatric/adult units that we are unaware of could have played a role. Our study was conducted in Denmark, a Western country with a tax-funded health care system, and our observations may be generalizable to other populations with similar demographics and health care systems. Future research needs to further examine possible underlying mechanisms and trends in disease severity.
Conclusion
We found that the first-time hospitalization rate for status asthmaticus in Denmark increased during the recent 16 years, but remained below 100 hospitalizations per 1,000,000 PY. This increase may be explained by increased hospitalization rates of children. Simultaneously, 30-day mortality halved to below 2%.
